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Abstract

In September 1984, it became Air Force policy to coasi-

der supportability equal in importance to cost, schedule,
and performance in weapon system acquisition. All levels of
management, particularly syst=m program office (SPO) manage-
ment, must be made aware of wherein the weaknesses in Air
Force design and contracting strategies, of how these weak-
nesses can be overcome, and of how these strategies can work
together to place the needed emphasis on supportability.

The objective of this research was twofold. First, it
attempted to discover the importance of supportability in
aircraft systam design. Secondly, the research providad
information for SPO managers to use in Jirecting contrac-
tors, via contractua; requirements, to design for supporta-
bility. It also provid2d program managers with information
on tecnnologies they can promote as supportable without
sacrificing cost, schedule, and performance. To meet these
objectives, 20 individuals managing advanced technology
programs were interviewed., Interviewees also discussed how
the system acquisition process could be improved to increase
amphasis on supportability. Eleven advanced technologies
ar2 presented for their potential contribution to improving

the supportability of future aircraft systems, Applications
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of any of thase advanced future aircraft systams. Applica-
tion of any of these advanced technologies will result in at

least one of the followin3j: increased reliability,

ARSI pregimbpoa |

decreased need for support requirements (i.e., maintenance
manpower, support equipment, etc.), or decreased maintenance
repair time. Also, four acquisition strategies ara
oresented for their potential contribution to increasing the
level of emphasis placed on supportability in aircraft

system design.
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SUPPORTABILITY IN AIRCRAFT SYSTEMS THROUGH TECHNOLOGY

AND ACQUISITION STRATEGY APPLICATIONS

I. Introduction

Background

In September 1984, the Secretary of the Air Force.
Verne Orr, and Air Force Chief of Staff, General Charlas
Gabriel, signed a letter stating the Unit=2d States Air Force
considers supportability =qual in importance to cost,
schedule, and performance in weapon system acquisition.
These four factors are to be used to asszess the value of
contractors' proposals and to competitively rank each
proposal submitted to the Air Force for a givan acquisition.

FPor the purpose of this thesis, the followingy defini-
tions apply. Cost is defined as the amount paid or payable
for the acquisition of property or services (8:179).
Schedule is that part of a contract which sets forth details
of the property to be delivar=2d or services to be performed
in a given timeframe (8:610). Both thess terms ar= us2d oy
system program office (SPO) management to assess whethar the
contract is within budget and will be completad on time.
These are indicators of system progress used only during th=
acquisition phas2. Performance and supportability are

factors which will charactarize the system throughout its
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lif2 cycle. The perforimance factor controls the it2m b=2ing

e
P, 2P

-~

procurad by establishing operating requir=ments suonlement2d

i: by quality assurance provisions and form, fit, and function

E} linits (8:518). Supportapbility is qualitatively and quanti-
' tativaly defined by the activities that creatz and sustain

ES warfighting capability. These activities include orgaa-

:é izing, trainingy, and egquivoing for the deployment and =2mploy-

h ment Of aerospace systams. Supportapbility includes reliabil-

:? ity and maintainability (R&M) cnaracteristics of the systan.

o
3

All of thes=2 factors (cost, schedule, performanca, and

supportability) influence the decision process. During

L L EXAL

acquisition there may b2 tradeoffs petween any two or more

of these four factors as program raquirements or priorities

-;' ?_F,f,l',f

change.

The SPO is the only organization in the Air Force
authorized to negotiate with contractors during acquisition.
For this reason it is imperative for the SPO to b2 an advo-
cate of supportability if its contractors ar2 to desijyn
aircraft systams to be operationally supportable. Th=
typical SPO is desigyned to fiand and d=valop a solution to a
validated currant or projectad operational dzficiency. Th=
3P0 explores concepts, studies and validates possible altar-
native solutions, and then manages the devalopment and
initial production of the new system. The SPO is the focus

of all Air Force manajement and diraction of weapon systam

acquisitions (17:4).




-

™

y R&M 2000 is an action plan to institutionalize the Air

! Force commitment to accelerataed reliability and maintainabil-

3\ ity improvements in new and fi=lded systams. Five goals in
. the R&M 2000 action plan focus Air Force efforts in the ar=a

= of R&M:

4.

rE: 1. 1Increase warfighting capability.

.E 2. 1Increase survivability of the combat support

‘ structure,

z 3. Decrease mobility regquirements per d=2ployiag anit.

;: 4., Decr=ase manpower r2Juir2ments per unit of output.

o)

ff 5. Decrsase costs.

A

:; Note that improving R&M is not one of the goals; howevar,

? improving R&M is the v=2hicle for achieving th=2 goals,

j! During the past three years, interest in supportability

:5 has filtered down to all levels of Air Force management and

,N influenced the programs and activities they oversese. But,

‘f as a findingy in the r2port of the Presidant's 1985-86 3lu=

5 Ribbon Commission on Defense Management indicated, this

-S influence is limited. This is Jdue in part to the fact tnat
i lojisticians, advocat2s of supportability in the 3POs, do

;

E’ not have the authority to ensure supnortability is givan the

:g same consideration as cost, schedule, and performance

“1 factors in acquisition (40:8). A major task of the Blue

5f Ribbon Commission was to evaluate the defense acgquisition

- systam, to determine how it might b2 improved, ani to

racommend chanjyes.

“pre
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?E In a 1936 article Dr. James P. Wade, Assistant Secrz-
. tary of Defense for Acgquisition and Logjistics, also stated
r. that sanior logisticians in the SPOs do not have authority
:2 equal to that of the senior enginsers and contracting

- officers. The lack of authority of logisticians sta2ms from
i the need for: (1) a more integrated approacn to logistics
‘z by the SPOs, and (2) gquantified supportability tradeoffs

h (55:4).

; Integrated approach refers to a team or 3ystem approacn
;{ in designing aircraft systams. That is, all aspects of an

aircraft system are considerad in its devalopment with

;, emphasis placed on the optimum design of a systam for its
life cycle. The SPO is structurally or3janized to implement
the integrated approach but that intagrated approach i3 not
used effectively in the day-to-day busin2ss of :d2sign,.
Marconi Von Spangenburg viewed the SPO's appnroach to design
as segmentad under separat2 aianagamant functions (54:54).

Acquisition logisticians must have guantitative data to

define the tradeoffs between supoortapbility issues and
performanca, cost, and scheadul2 issues. One examonl2 >f tae

gain to be mads by Juantifying supvortability comes from

Rockw=21l1l. "In the past, we would put our R&M guys 1in the

same room with the engineers, and they would just start

waving their arms around," noted the vic2 prasident for

supportability, Advanced Tactical Fighter (ATF) systems,

Rockw=ll International. Rockw=21ll logisticians ar=2 begianing
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to replace "arm waving®™ witn output from Jquantitativa data
bases containing supportability information. This has
2nabled th=m to intaractih 23jually with their =nginzering
peers to influence design decisions (2%8:18).

It is the contractor who designs and builds support-
ability into aircraft systa2ms. Therefore, SPO management
must influence the contractor's supportability performanca
diractly. The articles and raport previously citad suponorth
the notion that mer2 guidance i3 not going to briajg about
the needed reforms to olace supportability issues at tn=2
forefront in weapon system design. The Air Force must
ansure industry's undivided attention 1s givan to supnorii-
oility through strong contractual incentivas, both positiva
and n=gativa, By raisiny the consideration level of support-
ability in source salection, increasing supportability incen-
tives during develooment, insisting on warraaties in prolaz-
tion, and extanding the contractor's particioation and
responsibility beyond the factory and into the fiz2ld, the
Air Force will be able to brinjy about the improvement
desir=d (44:125),.

As th= Air Forc2 continues to investigat2 ways to
increase the l=2vel of supportapbility in curr=nt aircraft
systems, it is recognizing that the intalligent application
of technologies can result in significant improvemerts to
supportability. For example, the High Reliability Fightar

(HRF) Concent Investigation study =2ffort idantified

wl
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opportunities in tne tachnolojy base for reliability, main-
tainability, and supportapility improvements. It then
analyzed the impact of the improvements on aircraft desijn,
and developed viable desijn concepts for the hijhly r=2liable
fighter aircraft requiriag minimal support (38). These tach-
nologyies in the approoriate apolications have the potential
to increase raliability, decr=2ase the nead for support eguin-
ment, reduce maintsnance manpower raguiraments, and/or
decr=2ases maintenance repair time

All l=avels of manajgen2at, particularly acguisition
programn manajement, must o2 made awar2 of wherz2in li=2 the
weakneasses in Air Force design and contracting stratagia2s
how these weaknesses can b2 ovarcome, and how thase strat-
egies can work together to place the needed 2mphasis on
supportability. To focus more specifically on supportaopil-
ity, SPO management should:

1. Consider supportability equal to cost, schedule,
and performance because of its contributions to life cycle
cost and to operational availability of the aircraft systam,

2. Us=2 acguisition strategies to =2mphasize the inpor-
tance of supportability.

3. Desijn new aircraft weapon systems from an inte-
gratad approach using state-of-the-art technology that from

the outset emphasizes supportability.
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- Statement of Problem

-,

This thesis investijat2d how curr2nt and future technol-

J

A ogies and new acquisition strata2gies can used to oringy tha
\.

\‘ . 13 b

s supoortability factor to a leva2l 23ual to tne cost, sched-
N ’

asy

ule, and performancs factors in the decisions made by Air

N

! Force systam program offices.

sy =
L%
A

[ .

» Research Questions
L The objective of :this researcn was twofoid., “irseg, iz
¢ attempted to discover the importance of supportability in

y aircraft syst2m desijya. Secondily, the r2search orovidad

N information for program manajz2rs to use in Jdiractinj contrac-
\

‘c

- tors, via contractual raquirements, to desijyn for supoorta-
~ bility. It also providad program ninajers with informatiosn
N on technologies they can promot2 as supportabl: without

8!
M sacrificingy cost, sch=2d4ual2, and perfoycnance.
'
b

Research Questions

. In the attempt to accomplish the research oobjectives,
3 the following qu2stions w2re investigatad and answarad:

1. What contracting strat2gi2s =2xist dr s3n01ld o=
implement=2d which would 3ive egual consid=ration to support-
ability, cost, schedule, and n2rformanc=2 in the acguisition
process?

2. What curr=nt or new t2chnologies will mak> futu-:2
aircraft systams mor= sunpnortaple without sacrificing cost,

schedule, and performance?

- - .
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Limitations of Study

This study was limitad to investigating acjuisition
strat2gi=s and ta2chnologi=s which can 52 applied during the
development and acguisition phases of Aic ™y<cte aircraft
systams. Technologies werz limitad to thosa applicable to

major systams on aircraft researched by the Air Force Wrijht

Aeronautical Laboratories.

Literature Review

Importance of Supportability., The Pr=2sident's Blua=

Ribbon Panel on Daf2ns2 Manajy2ment statad:

Ther2 is a n2ed for an informed tradeoff betwz2en

Juantity and quality. At some poiat, more ~2apons

of lower performanc2 can overcome fawer weapons of

highar performanc= [40:13].

Witn an increas2 in complexity comes a commitment incr=asa2
in cost #hich, in the contaext of a fixed DOD budg=t, means
fewer aircraft can 52 procur=ad.

New t:chnologji2s emphasizingj supnortaoility arz begin-
ain3y to be usel in desijyns of new Alr Force ~2anon systaus,
The r2sul=z »>f ka=2s52 f2chnolojias will lik2ly D2 aijaer
aircraft availability. Hignly compl2x aircrvatt wnhich have
supportability desijyn=231 into jgiv2 vack through availability
the quantity advantajye which is lost ~ith th2 high cost of
complex aircraft. Froan rthis standponint, sunvor apility can

be sonsid2r231 a forzce multinli-r,

\. ..‘ \‘ - .\.
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Tha conceot 2f force multiplisr refers to the qualities

inhar=2nt in an aircraft systam which providz tae capability
to guickly relauncih an aircraft on successiva missions. Thz
more aircraft which arzs launchad, the higher the aircralt
availability. This can b2 accomplished by assigniaj mor=2
aircraft per sguadron, or ke2ping the same number of

aircraft but making them mor2 suopportable (l:d; 17:7).

Aircraft which ar2 highly supoortable can b2 relaunch=a24 with
shorter turnaround tinues.
Accordinj to General Larry D. Welch, then Air Force

Vice Chief of staff, in 1985:

The F-15 nad no spar2 parts or manpower shortage
but a reliability and maintainability (R&M)
prooblem. The first ¥-15's had tremendous
performanc2 capabilities but frustrating R&M
proolems. What 2anp-=2n-21 Jariig 212 acguisition
process was that in order to meet the tnreat,
reliability and maintainability were traded off
for performanc= priorities [18:10].

General Robert Russ, Commandar of Tactical Air Commani (TAC)

in 1985, stated:

Due to tn=2 "find and fix" aporoach us=d ovar the
lat> Jdecade on th= F-15's, its reliability had
been improvad to the point Ehat today it can fly
two and a half times longer betwe2n corractive
maintenance actions it could a decai: ajyo. This
is a force multiplier that translatas into =2Xxtra
plan=2s for a battle comnander. A on=2 p2rcent
incr=as2 in mission capable rat2 for a force of
700 F-15's is the 2guivalent of addin3 s=ven mora
F-15's to the inventory [18:10].
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The "find and fix" apvoroach to R&M has »2en successfully

ha
o
o
o

appli2d to other weapon systams resultiny in improvements to
the F-100 engine, avionics, modifications of the F-111, and
offensive avionics updata for the B-52 fleet,.

In a 1982 Air Force Institute of Technology thesis, a
research guestion was posed as to whatha2r aircraft availabil-
ity incr=ased with improved aircraft maiatainability. The
research indicated ther=2 was a significant positive relation-
ship between availability and oercant raduction and percent

raduction in rapair tinz, ™irtnermore, the ra2search found

avidance indicating incrzased availability through r2duca

Maintenance time was r=latad to increased availability
through additional aircraft (12:65-66).

Not oanly should supportability be viewed as a force
multiplier from an availability standpoint, but also as a
nzans to r=2duce operating and support costs and, in turn,
life cycle costs. With the Air Force operating on a fixad

budg=2t, the less mon2y sp2at on operation and supoort of

aircraft systams, the more money thit c-ould b2 anpli=d to

other budg2t ita2ms. For example, the Air Force could plac:a

mor2 2mphasis on increasing th2 quantity of buys and the

amount of research and develovpment it funds. This reapplica-
tion of funds would hav2 to be reguesta2d in the Air Force i
annual ¢ ogram and budget requests submitted to the Secra- 3

tary of Defensa.
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In the final analysis, the ability of the Alr Force to
incorporata performance and supnortability featurss in its
aircraft systams will largely dictate the combat potantial

D! of prospective aircraft syst2ms and their capability to

* successfully deter or engage an enemy (14:201-242).

~

,; Acquisition Strategies. The Pentagon ian 1985 nad

E contracts with 20,000 prime contractors and 153,000 subcon-
tractors which together 2amploy=2d 1.25 million peopl2 through-

f out the Unita2d Statzs. In 19835, the Pentajon o3id to tnhes:2

zi contractors and subcontractors $246 billion for a w~ide

L. variety of Jjoods and services (19:144). With such a huge

; 2axpenditure, and tha need for a wide variz2ty of Joods, one

g sould =xpact a lot of competition for govarament contracts

- throughout private industry. 1In actuality, the states of

E affairs in the DOD procurement structure may stifle

“u

.E comp=2tition and discourage firms from doing busiaess witn

) the UJ.S. Goverament.

? A 1984 r=zport to the Presidsnt on the stat2 of small

E busiaess stata2d that within DOD (which accounts £or approxi-

2

| mataly B0 o=r:c2nt of all €2deril nurcthas2 2xp2nditur=s) a2

i portion of prime contracts awardsd to small businass in FY82

;z was l=2ss than 29 percent. Furtiner, DOD's buy was Joncan-

z trat=d in the hands of a r=z2lativaly few larg=2 businass

;: firms, with tne top 2 receiving about 13 percent of the

; oudg=at (52:23), Small firms contribute aporoxinat2ly 38

) oarcent of the nation's Jross national product (GNP) anli

Ié

%
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reprasant ovar 93 parcant of all U.S. business establizh-
_ ments. Small businasses ar2 lafined, in genaral, as thosa
d
{ w#ith less than 500 employees (13). The Small Businass
N Administration (SBA) attributed this disparity to the multi-
l
tude of regulatiosns th2 Government has 2stablished in trying
N . . . .
; to assure the quality of what it procur=ss. Compliance with
=
\l
5 thase complex ragulations is costly and discourage many
small businessses fron contracting with the Tederal 3ovara-
"
iy ment. As a result, DOD is not 4ble to take advantage of tne
>
b innovation of the younger, smallsr antr2or2neurial firms.
i Currently only five percent of the Pentagon's total
N'
) orocurement dollars arz awarded on a formal closed-bid
.
N . . . .
" basis. Sixty percent go out in contracts that ar=s "comp=2ti-
~
- tivaly negotiated” with a few compani=2s that the Pentajon
- . R . . .
3 officials deem "qualified." The remaining 35 percent of tn=
\'I
N DOD procur=2ment dollars involve no bidding at all
(19:144-145). They are used either to fund sole sourca
5 orogra.ns between a single bidder and the Governa2nt or to
5 aextand existinj contracts.
: DOD, in establishing a n2w orojyraa, Huk3 tojether 13
o
. rejuest for proposal (RFP). The RFP includes nilitary spaci-
f fications which, on larger programs, can run to thousanis of
)
. pages. Industry then submits proposals in response to tne
_: RFP. The ovz’-ly detailed RFP with its system spersifications
o sarvas as a basis for defense contractors to prepar: coanati-
&Y
a tive proposals describinjy how they would meat the
P
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specifications. Praparation of comoetitiva proposals may
axpose technical oroblems with the spaecifications or raveal
nodifications that would be most zost effactive. The envi-
ronment for orogram compatition encourages improvements with-
in the specifications but discourages modifications that
deviate from specificarniins. This closes the door on on2
principal factor--tradeoffs between parformancz/supvortapbil-
ity and cost--on which compe2tition should be basad. Th=2
resulting contract award, based mainly on cost, all too
often foes to the contractor whose bid is the most optimis-
tic (49:7).

Joseph Wright, Jr., Director, Office of Managa2ment and
Budget, stat=2d in 1985 that the prccurement process na2eds to
oe simplified and competition incr=as=d. A goal, he saii,
is the shift from the use of complex design sp=20cifications
to simplified performanc=2 specifications (39:C). DOD should
reduce its use Of nilitary specifications when they arz not
needed and improve the usefulness of the specifications wh=an
they are n2eded. To do this could mean usiniy a minimum of
military sp2cifications but supplenent2d with comma2rcially
used specifications. Military svecifications could be onased
more on industry standards such as those published by the
American National Standards Institute and th2 American
Society for testingy and Matarials. This would provide the

incentiva for DOD to use commercial devicaes and oroducts to

13
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a gr=ata2r 2xt=2ant and attract more firms to bid on DOD
contracts.

In support of these facts and opinions, the Report to
the President on Defense Acquisition recommended that:

Federal laws governing orocurement should be rico-

chet2d iato a single, greatly simplified statute

anplicable govarnment-wida (40:18].

The Air Force RFP and Statament of Work should

include a functional description of the desir=ad

oroduct and not ref2r to military specifications.

This would allow the bidders: 1) to choose fron a

~il2r range of ta2chnologies in respondinjy to the

oroposal, 2) to use more commnercially available
products at more competitive prices, and 3) to

respond knowing the oroposal is evaluated for

Juality not lowest price [40:7].

Recognition of anotiher I2ficizncy in th2 awilitary ragu-
lations has come to the forefroat with the increased empha-
sis on supoortability. This deficiency is in defining and
calculating the paraneters used as R&M raquirements. Mean
time between failure (MTBF), an example of a reliability
paramneter, is calculated from predicted or actual flight
data. Systa2m R&M reaguirements are established by the using
orjanization at the onset of the orogram. These ragquira-
ments: (1) dictate the R&M d=2sign of the systam, (2) serva
as the basis for reliability demonstration testing, (3) arz
compar=2d to flight test R&M measurements, and (4) arz used
as a basaline against which to both award reliability incen-

tive warranties (RIW) and determine program success or

failure. The parameters arz not dJefin2d as part of the

14
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raguir2ments but ar= left for int2rpretation oy th2 orjaniza-

——-eTew

. tions which generat2, measure, report, or usa theam.

The user's R&M r=gquiraments ara published in the Stata-

L U e an o o o

ment of Operational Concept (SCC) specifying, for =xamples, a
150-hour MTBF requirament. What is meant by failure? Doas

it iaclude all hardware failures or ara ther= contractual

Al an of o

2xclusions? Are softwar2 errors included? MT3® i35 -alcu-

lat2d as the number of failures Jdivided »y oo2rakiay hours,
N What is meant by operating hours? Does it includes Jround

; operation or just flight time? Should a factor be included
to equate laboratory test time to flight tim2 so £h2 two

sats of time can b2 added together to count as onerating

-

time? Nowher= in the DOD or Air Force regulations arz thasz
guestions answered.

In maintainability, a requir=ment for mean time to
repair time (MTTR) is 2xclusivaly a contract term as dza2fina=d
in AFR 800-18. VYet, it apoears in the SOCs as an on2ra-
tional t=2rm as, for example, in the low altitude navigation
tarjeting infrar2d for night (LANTERN) and anti-sat2llit2
(ASAT) orograns. Tf tie 131137 orjanization nas so201i51 21
R&M rzxquir2ments, then the parameters to measur-: thasa

charactzristics should be stata2d clzarly to avoid any

On actual =2xamnle of tnis misunderstanding ani lack of

communication betwa2en us2r and d2velopner i3 an 2xisting

avionics syst2n. Th2 avionics systam regquira:ment for

! misunderstanding.
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L530~-hour MTBF was satisfi=d as the devaloper internreta2d the
raquirament. The contractdr showed, via a reliability
pradiction, that the syst2m design could achieve at least
150-hour MTBF. For a total of 1,740,000 systam operating
hours actual Eailures (hardware only) logged wer=2 10,431.
Thus, the MTBF of the syst2m was 157 hours, surpassing the
vraquirement. This data came from actual Air Force D054
fi=1ld data (15:25). DO56 i35 an operational data base for
recording all maintsnance actions performed on wWweapon systam
and associated egquipment in the Air Force inventory.

The misunderstanding stems from the fact that >f the
23,193 maintenanca actions performed on this avionics systaa
and racorded in D065, the developer found 2,188 to be "no
defect" (no identifiable r=2ason for outage): 2,966 w=2r2
removals to facilitate other maintenance (not failure);
4,911 wer2 actually caused by other on-aircraft maintenanca
actions; and the ra2maining 13,123 ware labeled as Tallaras,
Howev2r, of the 13,128 failures, 900 were induced and, of
the remainder, 1,797 ware solvad by adjustments. That
l=2avas only 10,431 zonsidar2d as rz2levant failuras,
resulting in th= 187-10ur MTBF reporta2d by the devalooer.
But tne user had to deal with the real vorld numbar of
23,193 maintenance actions. As far as the user was

concarned, all 23,193 maintenance actions wer=2 releavant and

the system's real MTBF was 75 hours (18:26).
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Spar=s and manpower w~ar2 assigyned to maiatain tnais
systam pasad oan the 167-hour MTBF. This discrz2pancy baktw22n
the 167-hour MTBF and th= usac's 75-hour MTBF laft the user
with a systam short >f spares and manpower to perform the
raquired maintenance.

The Air Force definitions of reliability and maintain-
ability terms ar= not standardized across orjanizations.
With this fact acknowledged, the Air Force has difficulty
determining with any d=2gre= of confidence the gains and
losses to be achieved through supoortability measuraments.
Also, the Air Force cannot confidently award to its contrac-
tors raliability incentive warranties (RIW) for achieving
supportability goals that ara not pr=aviously definad,.

Application of Technology. Stat=-of-th2-art tachnol-

ogy 1s most often chosen for incorporation in a naw or
existing aircraft because it will incr2ase some aspect of
thg aircraft weapon systaam's parformance. Technolojgy must
o2 consider2d for what it has to offer from a sunoHr-tability
standpoint as w=21ll, New desigas must ase t2chnology which
2nhances both supoorizibility and o2rformance. This was 3
con:zlusion rzached by th2 Presidant's Blu=2 Ribbon Commission
on Defense Manag2ment which statad:

DOD should place a much gr=atar emphasis on usiag

technology to reduce cost--both dir=:tly oy

reducing unit atquisition cost and indir=ctly by

improving the reliability, operability, and main-
tainability of military =2quipment [40:19].
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The continued incorporation of advaaced and highly
complex technologi=s in aircraft systa2ms has rasultad in
growth in the number of Air Force specialities (AFSs)
rejyuir=d to keepn the haridwarzs operable. The complexity and
diversity of the maini-.-1'2 workforce specialty structure
has made the maintenance organization very manpower intzan-
sive. In the past, this manpower intensive, highly special-
ized maintenance orgjanization was tolerable b=2caus= of the
abundance of low cost manpower; operations from large, fixed
industrialized main operating bas=23; and importance of
massed force over force mobility.

Those things which permitted and encouragsd a manpower
intensive maintenance organization ar=2 chanjing. Manpower
costs ar= increasingy and 30 i3 competition amonj the
Services for a dwindling manpower pool. The Air Force is
also changing the way it plans to fight. No longer will it
operate from larje, vuln2rabls, fixed main operating bases.
In the future, it will operat=2 from a large number of
dispersed locations in small self-sufficient units. This
new strategy means maintenance units must b2 mobilz and mor-2
flexible (3:3).

Effective operations under this n2w strategy can
benefit from renewed emphasis on equipment Jdesigned to be
supportable with two levels of m-intenance, flightline and
depot. This means improving compona2nt raliability and

maintainability to reduc: aiia:t2nance workload and incr2ase

13
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weapon systam availability. It also means maxinizing

"on-23uipment” repair capability and reducing the n=2ed for

- deployed support =2guipment and "off-equioment" renair
. facilities.,
The neaded emphasis on supportapility issues must b=

.. considerad at the baginning of the desijyn process and should
A
S . , \ . ) .
K- continue throughout th2 life cycle of tne aircraft systam,
2

This is crucial due to the way the Air Force aporsaches b=
.x‘l

design of new aircraft systams. Lt Col Don d. Stor Chief
~ 4 Yo
v
N of U.S. and Allied Assessment on tne Alr Force's Checknata
H , . . .

Team, compar=2d Unitad States and Soviet applications of
- technology this way:

When w2 detarmine th2 ne2d for 1 124 Operational
systam, we tanl to 123131 fron a bdlank piece of
oapaer. The Soviet aporoach 13 mora likely to take
what has worked in the past and deliberately adapt
or combin= it with something else to meet thair
regquirements., Because they avoid state-of-the-art
g t2chnology, R&M ar=z inherant in their systams.
Because w2 desijyn to stat=2-of-the-art, we hava to
focus specifically on R&M [18:14].

L8

-
4 8 & 8 A A

Marconi Von Spanjenburg anot=d another Jifficulty with

At A e

the Air Force's curra2nt d2sign annroach. His view 1s thas
ﬂ Air Force aircraft design suff2rs from the traditional
approach of trzatinjy develonam2nt of the nardwar2--the
airframe, engin2, and avionics--as separat:2 issues unlar

saparate management. Only at tne 2nd of the “Jevelopment

LYY

cycle is an att2mpt made to put them all together as a

systam. This approach negativzaly impacts both p=2rformanca2

LY
»
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and supovortability. Diagnostics, fault dJstection, and faulc
isolation ar= ar=as of supoportability varticularly impactad
oy this independent approach to design. It is the ianterac-
tion between subsysta2ms which can be a maintenance night-
mare. When a problem occurs, it has to be determined from
individual subsystem diagnostic codes wher=ia the fault
r2sides., In many cases it is not an individual subsystam
that is at fault but its intearface with other subsysta2ms and
the airframe. 1In the design process, empnasis must b2
balanced from the outset bstween what is demanded of the

aircraft systam's operational capabilities and of th= combat

opport systam (54:54).

Summary

A lack of supportability features in aircraft sys:tams
iinpacts maintenance personnel on tha flightline; operations
officers in the battlafield; supply personnel; budg=t
personnel; and tha list goes on. By usiag aircraft systams
desijyned with state-of-tha2-art techanolojy, the Air Forc2 is
taking the risk of developing compla2x air-sraft without
needed suvoorzapility featur=as., It is ilap=ritive that
systam progran managjgers recognize thaese risks and ase avail-
able r2sources to overcome thanm

There is gre=at potential in terms of cost savings,
incr=2ased service lifas, and quantitative advantages to be

r2alized from air-craft systams if tachnology and contracting

strat2gies ar2 used to enhanca the role of supportaoility.
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II. Methodology

3 Research Plan

i A literature raview and unstructured interviews of Air
S Force personnel were the means by which information was

‘; acquired to answer the investigative questions. The unstrac-
.? tured interview was used to promot=2 a fr2e-flowing exchanje

- of thoughts and id=as, Questidns askad ia 2ach inta3rviaw

; wer2 tailored for the particular t2chnology ar=a being

o reviewed. Questionnair=2s did not allow for th2 variaty of
o Jquestions asked and would have raguir2d follow-up questions

: on an additional Juestionnaira. Follow-up gu=2stions could

: be ask=2d4 during tha initial interview. Also, Juestionnairz
& did not allow for elaboration of a subject ar=2a a3 well as

3 an interview (2:211-12).

*

I Steps for Investigative Question One
'g Reports, theses, and journal articles written on Air

3 Force acquisition practices wer2 reviewed. This information
; was used to dev2lop initial questions to be askad of person-
? nel interviewed from: the Air Force Wrijnt Aeronautical
‘é Laboratories (AFWAL); the Integrated Logistics Technologies
: Office (ILTO); and the Air Force Coordinating Office for

i Logis*ics Research (AFCOLR). From these sources, it was
% datermined if 2xisting acguisition strategies must b2 ex2r-
) cised more fully by system program managers to 2ncouraje

. 21
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ampnasis on supportapility 1n tneir airzraft systam
nrograms. If deficienci2s in acguisition strategies
a2xisted, these wer2 idantified along with possible corrzac

tiva actions.

Steps for Investigative Question Two

A reviaw of tecnnical journals, majazia=2 articles, a

nd

r2ports was conducted to provid2 tn2 interviewer With a back-

ground of information on new tzciinologi=s baing devalonaed
for futur= use in Air Force aircraft systams. This oack-

Jround information was usad to dev2lop initial questions

oo}

oe ask2d of personal int2rviewad from: the four Alr For:ze

Wright Aeronautical Labratori-2s (AFWAL); the Intagratad

Logistics Technologies Office (ILTO); and tha2 Alr Force Coor-

dinating Office for Logistics Research (AFCOLR).

Interview Sample

To explain why oersonnel of particular organizations

ware interviewed, it is necessary to descripbe th2ir organ

1za-

tions' missions and interr=lationship witnh each on2 anotnher.

The AFCOLR annually nublishes th2 Alir Force Logistic
Research and Studies Prograan document. This document

contains curr=nt or projected onerated and support Jefi-

S

ciencies of Air Force weapon systams as identified by Major

Air Commands.
The Lojistics Research and Studies Prograan document

used by Air Force Systam Command (AFSC) to establish

22
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ra2scecarch and development prograns vnich addrass the oo2ra-
tion and support deficiencies. Offices assigned under AFSC,
manajing programs specifically addressinj the logistics
needs, ar= locat2d within the AFWAL. AFWNAL is composed of
four individual laboratories (materials, avionics, provul-
sion, and flight dynamics) whose mission it is to provida

the technology n=eded for futur-= Alr Force= systams and %o

o7}
w

Ssist th2 Product Divisions 2f tha AFSC in acjuiring naw
systams and ra2solving devaloonentil probleams.

Anoth=2r organizition within the AFWAL is th= ILTO. Th2
ILTO is th2 Air Force advocacy cent2r for logistics tecnnol-
ogy in tn= laboratori=s and 13 r2sponsidle for lojistiss
technology transfer,
AFCOLR, AFWAL, and ILIPO ar2 all locat=2d atc drijntc-

Pattarson AFB. This allowed for personal interviaws of

projact enginanrs chos2n by 1 s2ailor official witnin

W

acsn

(r
—
L
v

LB}

Jrjanization., Th=2 projact 2njyin2ers wer?2 chosan for
axpertise and knowl2a2dqge of particular t2chnnolojies.
Personal interviews w2r: pr2farra2d bdecaus: the2y could oe

-

longar than t21l290non2 1ah2rvi 243, Taca Litarsiaw i

Vv
e

32435

-

a aumba2r Of Jdiff2rant tecnnolojles rajulring considaraoly
more time to dev2lop an unierstanding of tha2 oonjectives aald
applications of =ach than would hav> beaen practical in a
t2lephone intarview.

Th= project 2njin=20r3 wor: asx21 jqu:stions 1a theirc

arz2a of expartise: aAatrfrane stractar-s; avionics; fliynt

prrreTe
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AN controls; matarials; and jfower systams., The ain was a0t to
N

intarview a defined number of people to hava2 a valid statis-

.

] tical sample, but rather to intarview peopole with the knowl-
\'

= 2adge of their organization's specific programs addr=ssing
b

supportability issues or programs which should address thesse

fi

'&‘_

. issues.

s

<
[~ Information Procassed

. Information gain2d Zromn ta=2 1nta2cviaews a2l 1ded: 10w
-,
X the ra2search was addrassing supoortability issues; objectiva
b and scope of the prograams; aoplications for ta2 new t20nnol-
.- 23y; timeframe whan the ta2chnology would availabla for uase
. in operational aircraft; now supportapility was d2£in2d4 anli
- measurad; and the level of 2mphasis supportanility was

~ rz2ceiving in the program. Ar=as of aircraft systams which
N

.M . . . . .

.$ lack=2d supportapility research wer2 identified.
0y
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III. Presantation of Results

Research Questions

Question One. What contracting strategies exist or

should be implement2d which would 3iv2 egual consideration
to supportapility, cost, schedul2, and p=rformanc=z in the
acguisition process?

Results. This r2search Lnvestijatad four acguisision
strat2gies which could be implementa2d by acjuisition progran
manajement to incr2ase the lavel of emphasis placed on
supportapility in aircraft syst2n design: {l) comp=tition,
(2) quantified supnortability tradeoffs, (3) military sp=ci-
fications, and (4) standariized terminology.

Competition. Cost alone should not be tha objectiva

of competition. Competition should also be used to increasa2
attention to oth=ar aspects of the aircraft systam,

Panelists at an Aerospace Education Foundations Roundtable
h21ld in 1986 concluded tnat such thinjys as r:liabilisty ani
maintainability are other asp2cts of aircraft systams thar

nust b2 coap-=2t21 (2:55). Tecnnizii lanovition, r2iitibili«y

r

nroducibility, maintainaoility, and lif2 cycle o

@]
i
Ji
>
—
—

St
anter into the definition of competition. All of thase
factors must be weighed in the balance, particularly in
nodern aircraft systa2ms which arz usually on th2 cutting

edge of advanced technology (24:22).
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In a 1374 study tne 2ftact of cowmp=2tition on cost of
aircraft replenishment spara2s was investigatad. Th2 study
concluded that the net savings from changingy from sol=-
source to competitive orocurements was a function of the sum
of savinyg realized in procur=ment dollars, procur=2ment 3Jata
costs, administrativa costs, quality costs, and reliability
costs. Net savings as a p=2rc2ntage ranged from 13.85 to
17.5 deov=2nding on th=2 quantity opurchased. The upoer vala2 1
of 17.5 percent was associated with larger juantity

ourchasaes (11:82).

For tine acquisition prograan manajer, acquisition str2am-
lininy offers the potential obenefits of incre2asing comp2ti-
tion by r=2moving detailad (how-to) specifications and
standards ovefor2 devalopment of the design. [n the ovast,
contract awaris hava been based on who d2monstrat=2d th2 most
xnowl2dge of anl compliince with these specifications ani
standards without necessarily demonstrating th= best 12sijn
proposal. The multitude of specifications and stanliaris
lnhipit th=2 tradeoffs necessary to achieve ovarall systam
obj2ctives (such 23 affordanility, oroaducidility, ani
supportability) and contribute to subootimum desijyn anld
unnecessary acquisition costs (48:16).

Str2amlining i3 a new approach in which the definition
of detail=d technical raquir2ments is consider2d an ir -egral

part of the design and development process. In the past,

thas2 d2€finitions wer: mad> in the nroposal phas> whan thor.




oLl

N
2
j: 7#as a lack of xnowladge on ta2 sp2a2cifics of tne desijn.
b Under the strz2amlining aporoach, definition of technical
ﬁ raquiraments is most proverly tr2atad as an element of
§ contract performance ratner than an element of contract
. definition (49:5). Policy guidance on acguisition stream-
X lininy is contained in DOD Diractives 5000.43 and 4120.21
: and DOD Handbook 2438,
. RQuantified Supportability Tradeoffs. A orobla2mn facad
é oy th2 Air Force and industry is how to maximize operational
E readiness and minimize logistics suopport costs. This 1is
ot
’ difficult to do because th=2 supportability charact=aristics
.3 of ecach aircraft systam/subsystem affzcting readin=ss arz
‘i uncertain (45:33). Logistics Assessment Methodology Proto-

type (LAMP), and simnulation models, ar= available for use by
2 th= S5P0 and th= contractors to reduce th2 uncertaiaties in
; Juantifying supoortapility requir=aments.

LAMP is 3 comput2r based methodology to qualitativaly

i avaluate specific technology applications and guantitativaly
; evaluate its supportability charactaristics. The goal of
5 LAMP i3 to influence desijn s0 the operational objectivas of
f the weapon systa2m may b2 achieved whil2 ootimizin3y th=2 use
;: of constrain=2d supportability resources such as manpower,

‘: support equipment, and cost. The Lojistics Assessment Work
.E Station (LAWS) provides tha2 capability for acguisition lojis-
; ticians and other decision mak2rs to qJuary LAMPs for concis=

)
i answars to tineir many d2sign and supnortability questions,
:
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Accessing information from LAMPs through LAWS, usS2rs @may now
Juickly modify design charactaristics, adjust operational
raquir2ments, compar2 design alta2rnatives, and generate
tradeoffs and sensitivities to reflect equal consideration
of supportability, cost, schedule, and performance (15:8).

The successful application of LAMP/LAWS depends on 1its
integrated use by the SPO, contractors, and the integrated
logistics systems (ILS) management team. The ILS team is a
group within the SPO manned by acguisition logisticians
concerned with support optimization. LAMP needs to be made
a contractual raquirement to be used by all agencies
involved in the design and acguisition of new weapon systams
(46) .

The qualitative portion of the LAMP methodology will
indicate if it is cost effective to pursue the analysis and
proceed with the quantitative evaluation. If the gqualita-
tive evaluation indicates application of LAMP methodologjy 1is
not cost 2ffective, an altarnative would be to use simula-
tion models. Simulation models would not providz as
thorough an analysis as LAMP. Howevar, simulation models
can be developed inexpensively (relative to LAMPs) to
provide results quickly and accurately.

Simulation models can be used to quantitatively relate
the relationship between supportability for aircraft
components. This can be done without actually having to

deal with the real world of cnanjying hardwar2 reliability

28
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and noting its impact >n maintenance and otner supportabil-

ity resources. For example, it is assumed by incrzasing
component r=liability, maintenance workload is decreased.
Workload includes any activity associated with equipment
rapair such as: (1) actual equiopment repair time, (2) docu-
mentation of repair work, (3) locating and ordering spar=
parts, (4) support equipment set-up, and (5) preparing not-
raparable-this-station components for shipment. This r2la-
tionship between reliability and maintenance workload is
oased on common sanse, Howevar, guantifying tha ragquirad
reliability improvement for a desirzd decrease in mainte-
nanca workload requir=s more than just common sense. It
raquir=2s knowledge of the support processes. It reguiras a
r2lationship be defined between each of the supportability
resources. This is necessary to juantify gains and losses
between resources as changes ar2 made in the support
structurea=,

A literature search indicated simulation has been used
as a means of quantifying these2 gaias and losses. McDonnell
Aircraft Company was faced with a oroyolam of now %5 naxinize
opoerational readiness and minimize logistics support costs
on tha F/A-18. The solution they formulatzd involved using
computer simulation models to predict potantial supoort and
formulat2 simulation models to pre lict potential support

deficiencies, identify spares cost-reduction opportunities,

and formulat2 corr=active actions to achi2ve r2adin2ss goals
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? at the least cost. Model analyses providad iaformation to
& the company's managers of =ach logistic element 2nabling
;; them to take steps to head off predicted support deficien-
; cies (45:33-40).
- An Air Force Ianstitute of Technology thesis (31) inves-
.ﬁ tigated the impact of an effective R&M program on mission
E capable ratas, sortie rates, and maintenance manpower
‘ taquirements of Air Force w~eapon systems. Tt used a sinula-
; tion model to quantify the effacts that improved systa2m R&M
E nad on these other factors.
L Simulation modeling could be made a contractual ragquira-
]
2 ment as a means by which SPO manag=ment could reguir=2 its
E contractors to quantify supoportability tradeoffs. The deci-
‘ sion to use simulation must b2 based on validation of the
:E model., Also, the decision must be based on the model's
‘; applicability to the elements of interest.
* Military Specifications for Supportability. ASD ha:
-
’ le721loped the Avionics/Electronics Intagrity Program (AVIP)
% to enhance the combat capability and operational suitaoility
’
' of weapon systawms, This is achi2vad by improving 2itner tae
E r2liability, or the ease and =2ffectiveness of maintenaac=2,
X or both, for the avionics/electronic equipment portions of
" the weapon syst2m. AVIP is a means for avionics to meet the
goals of R&M 2009,
; Avionics are th2 only systems on aircraft in the Air
)

Force iaveatory that ar2 maintain2d with only correactive
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nmaintenance. All other systams ar=2 maintained with both
corractive and praventive maint=nance. AVIP will raquir=
that a trade study be conducted to dsetermine the cost z2ffec-
tiveness of performing corrective and preventive maintenance
on the avionics. The decision will reflect what is most
cost effective from the R&M 2000 perspective. The avionics
will be maintained with corrective and/or praventive mainta-
nance based on the results of the trade studies (21).

The AVIP has changed the focus of reliability from "i:
is reliable when it does not break" to statistical descrip-
tions of "allowable" in-service failures. The application
of AVIP to future aircraft systam acquisitions would r=agquir-=
a commitment from the contractor for "Failure free" opera-
tions of the avionics for a specified time,

AVIP evolvad from other integrity programs for enginss,
Engin2 Structural Integrity Programn (ENSIP), and for
airframes, Aircraft Structural Integrity Program (ASIP).
These three programs have produced military standards:

MIL STD 1769 Avionics/Electronics Intagrity

Program (AVIP) Raquiraments

MIL STD 1783 Engin=2 Structural Integrity Program
(ENSI[P) Raguira2ments

MIL STD 1530A Aircraft Structural Integrity
Program (ASIP) Regquiraments
Future military standards will bhe published for softwar-=,
mechanical subsystams, and inteqgrated diagnostics. As

acquisition manajyement tools, AVIP, ENSIP, ASIP will o=

31
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inplenent2d through apolication of these military standards.
The military standards will be reguir=d using acguisition
streamlined procedures.

Standardized R&M Requirements. Several mili:zary

standards and handbooks (for example, AFR 800-18, DOD Direc-
tive 5000.40, MIL HNBK 217D) have been published to provida
guidance to the Air Force and its contractors on particular
R&M tasks and ragquira2ments, But, none of the documents
state what .measurements are to be taken to be used to calcu-
late the R&M parameters stated as raguire2ments. Without
specific guidance to provide technical understanding of R&M
requirements and demonstrate the calculation of R&M para-
meters, contractors have not been responsiva to the R&M
raguirements established in the statement of work (SOW) of
the request for proposal (RFP) (23:39).

The lack of guidance in the R&M ara2na is a problem
during source selection and, also, throughout th2 lifa cvcle
of the weapon system. For instance, to apply LAMP methodol-
ogy to a particular aircraft system, R&M requirz2ments must
22 defined to serve as "desijgn to" objectivas. If thesa
requir2ments are not defined to mean the same thin3y to the
contractor and the wvarious Air Force agencies involvad in
the design of the aircraft system, optimum tradeocffs betweaen
supportability and cost, schedldile, or performance w~ill be

compromnised,
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On September 24, 1985, the Deputy Secr=2tary of Def2nse
signed a policy memoradum that commits DOD to the objective
of transitioning from current paper-inteansive design and
logistic processes to a largely automated and integrated
mode of operation for weapon systams entering production in
N the 1990's. The Computer Aided Logistic Support (CALS)
Prograin was astablished to integrat=s and manage logistic
automation efforts toward this objective,

CALS program will result in a DOD and industry-wids
design tool and information system for logistics data. CALS
will be maintained and appli=2d to all weapon systams through-
out their lif2 cycle. Implementation of the concept of the
CALS program in conjunction with AVIP, ENSIP, and ASIP
requir=aments could oprovid= tha2 SPO with the acquisition
strategies needed to eliminats ambiguity and misunder-

5 standings in the interpretation of R&M requir=ments (7).
' The oojectivas of CALS are to improve: logistics techn-
nical information by applying and integrating data automa-

tion technigues and standards; accuracy, timeliness, andi

atility of logjistics technical information; ability of indus- {
try to produce weapon systams usinj comput2r aided technol-
ogies; and operational weapon systa2m support, With both DOD
and industry using the same logistics data base, and with
logistics information stor2d and communicated via the

computer, consistent terminology and definitions should

result.




CALS will =2ncompass many activities of various contrac-

tors and DOD agencies. For example, th=2 Air Force has
astablished a management integration office (MIO) at HQ
AFSC/PLX to integrate the technical and programmatic activi-
ties of ongoing CALS developments, initiate additional
2fforts whera needed, and arraange for the introduction of
new information systams into weapon systam programs. The
Air PForce Human Resources Laboratory at Wright-Pattarson AFB
is responsible for the devalooment of a comput=r softwarz
architacture for integrating logistics data bases into a
distributed network of information. Completion of th2 maay
CALS initiatives and intagration efforts will be concluded
by 1995,

Question Two. What current or new ta2chnologies will

make future aircraft systams more supportable without sacri-
ficing cost, schedule, and performance?

Results. This researcnh investigata2d eleven advanced
tecnnologies which could be retrofitted on existing aircraft
systams or included in the design of futur= aircraft systams

Lo improve aircraft systam supnortaoility:

- 1. VHSIC

’ 2. PAVE PACE

f 3. Self-repairing flight controls

' 4, Fault-tolerant oower systams

- 5. Ultra reliable radar

- 6. Software

s 7. Advanced structuraes

-, 8. Transparencis=s

. 9. Landingy gear

D 10. Cockpit displays

: 1l. Engin=s

o
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Tha selection of tachnologies in this thesis was basaed
on a gqualitativa evaluation of the potantial contribution of
2ach tecnnology to elininate the problem areas and deficien-
cies identified by the High Reliability Fighter Study, Air
Force R&M 2000 goals, logistics needs, Air Force Syst=as
Command, HQ USAF, and Air Force Logistics Command. These
problem areas and deficiencies were identified in the
following discussion of =2ach of the tecnnolojies. Thasa
technologies were also selactaed to cover major syst2ms on
the aircraft. This was done to demonstrate the ext2nt to
which supportability of aircraft systems can b2 improvad4 by
the apopropriate aponlication of advanced technologies.

The application of ta2chnologies selected had to resul-
in at least one of the following: incr=2ased r=liability,
decreased need for support ra2gquirements (i.e., maintenaace
manpower, support eguipment, =2tc.), or decreased maintenance
repair time,

We'ra on tine thrashold of something marva2lous in

aviation. The era of tha starfightar is upon us.

I'm not talking about t2chnolnjyias of th2 y=ar

2100. I'm talxing about t2chnologi-2s that ar=

~#ith us right aow [4:43].

The following is a review of these selacta2d technologi=2s and
their supportability f=2atures.
VHSIC. The defanse postur2 of the UJnit2d States

(U.S.) is incr=asinjly based upon tnhe concept of a mili=arys

force that is technolojically superior to any noteatial
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advarsary. The2 J.S. uses ta2Znnolojy w~har2var oossible to
2nsure its ability to defa2nd agyainst numerically gr=atar
forces., The technology of th2 integrate circuit nas bH2come
the foundation of the complax =l2ctronic systams thah ar=
amployed as force multipliers in our Nation's def2nse (33),.
In the past, ths iJ.S. was able to maintain a comfort-
able lead in the nmilitary applications of integratad cir-
cuits. However, by the late 1370's i1t b2came appirant thas
our "comfortable" lead had s2riously =roded. As a ra2sulcz,
the ability of the U.S. to maintain a superior military
force assisted by the earlier access to advanced =2lactroanlcs ‘
technology was ian Juestion, |
One of the major reasons for this 2rosion of capapility
was that it was takinjy longer aad longer for th2 DOD wo nova
1igh performancs integratad circuits (ICs) from th= davalop-
ment phase into military system applications. As a r=suls«,
military weapon systans w~2r2 p2comiag technologically
obsolet2 before2 their useful life had been a2xpend=d. This
jeooardized th=2 security of the U.S. and r2sul:<2d in aija=r
defense costs.
In 1978, DOD initiated VHSIC (very aigh spe=d inta-
grated circuit) as a tri-servica2 program. Th2 goal of the
VHSIC program is to drastically reduce the delay experiancad
oy the DOD in 3jetting advanced, state-of-the-art ICs into
military usayg=. Th2 VHSIC program 1as »e2n structur=2d to io

this within two IC jenarations,

16




Th2 first J2neratinn of ICs was completa2d in 1985 w~itn

th=2ir insertion into an operational w=2apon systam, the
AN/ALQ-131 electronic warfare systam, This generation of
ICs operat=2 at clock speeds of 25 MHz and nhave an avarajge of
20,000 logic gates per chip. The dimensions of th2 ICs ar=2
no larger than 1.25 microns.

Develooment 2fforts on the second J=2neration of ICs
negan in 1984 and ar= scheduled for completion in 1983, Th=
second generation of ICs must me=t the following sp2acifica-
tions: owerata at 100 MHz; <ontain from 75,000 to 5 millinn
logic gJatas; size of .5 microns; and failure rata of .096
o2rcant/1000 hours,

VHSIC 2nhances not only systam effactiveness but also
systam supportapility. VHSIC improves r2liability through
part count r2duction by requiring fewer boards to perform a
function. Also, VHSIC reduces the number of interconnec-
tions with larger, more d=2nsely packed ICs. (To a first
aporoximation r2liability is inversely proportional to the
numb=ar of interconnects in a systam.) Maintainability is
improved through th=2 uase of built-in t2st on th2 ICs. T=2n
to 30 percent of IC logic is devoted to diagnostics. With
bett2r built-in test capabilities off=2red by VHSIC,
requirements for test equipment are reduced.

Reduction in the size of syst2ms incorporating VHSIC
reduces power r2guir2ments. Programmaoility of the systam

13 2asier with VHSIC because mor2 circuitry is available for
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; logic and mamory. This mneans that nissions can b2 modifi=4
4 by softwar2 progran changes, rather than replacing hard
r wir=d equipmant. Modifying softwar2 prograans can b= done

i mor2 easily and at lower cost tnan replacing hard wirad

A

2quipment.

; As part of the overall VHSIC effort, the VHSIC nardwar=
; description language (VHDL) program was initiated to =stab-
™ lish an industrial standard for th2 documentation of th=
- VHSIC process and products. VHDL will define chip perfor-

é mance as r=2quir=2d by the military. This will allow a

- contractor to design new ICs and use different ta2chnolngjies
j to build them but IC verformance must follow r=2guirements of
; VHDL. VHDL can be givan to any contractor to puild an IC,.

! The existence and application of VHDL =liminata2s th2 problem
53 of sole source procur=2ments and not bein3y able to procur-=

b spar2s (50; 58).

. PAVE PACE. The AFWAL Avinnics Laboratory has

% o2en working since tha 1970's to improve the supportapbility
. of aircraft avionic systams. Their first program, dijital

! avionics information systam (DAIS), 2liminat2l 57 diffa2rant
r data processors from the Air Force inventory with the

3 development of a common data processor. Common Jati proces-

sors are now used to perform the functions of the pravious

57 different data processors. The conmon data processor

stooped th2 prolifa2ration of instruction sets and supvort

softwar2 that had been needad for each Jiffarant data

33
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processor. With the common data processor, one s2t of
support softwar= i3 used to develop the operational flight
program software. Also, only one instruction set, definad
in MIL STD 1750Aa, dir=cts now data is to manipulated anl
stored by the common data processor.

The PAVE PILLAR program was a fallout of the DAIS
program, PAVE PILLAR was dev=loped to suppnort aircraft
operations from deployad locations with a mininum of
support. PAVE PILLAR developed line replaceable mnodulzs
(LRMs) in avionic hardware to suoport a two-lavel mainta-
nance concept (flightline and de=pot). Under the PAVE PILLAR
orogram, the common signal processor was dev2loped witn ctn-=
same advantages as th2 common data processor.

The tnrust of the DAIS and PAVE PILLAR prograans was =0
develop standards which all new avionics syst2ms hava to
meet. This means that as tecnnology advances and naw
avionics designs r=asult, thes2 designs can be easily inta-
gratad into existing avionics architz2cture with miaimal
changes or disruption to systam operation and supoort.

DAIS and PAVE PILLAR adir=ss21 stanilariizacion ani
modularity of avionic systa2ms, Th2 next steo was td addr:ss
raliability and fault-tolerance.

The PAVE PACE programn is b=21in3 initiated to tak2 advan-
tage of new t2chnology to improv2 the performanca2 and
supportability of futur2 avinaics., Only the supoortapilisy

aspects of this programn will be discussed furtner.
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Two 0of tne goals of tne PAVE PACE »rogran ar: tn-
improve the reliability and fault-tolarance of tha avionic
systams. Advanced taechnologlies will be evaluated for zh2ir
contribution to meeting thase goals.

PAVE PACE will consider the effacts of the following
environmental factors on avionics r=2liability:

1. Vibration--i%t zan caus? Io2nnector oHroolens,

2. Temperature cycling--it Zan destroyv Chios,

3. Dirt/sand contamination--1% Jan ilnpact Cl= o2rfa2oc
fit of modul=s in an avionics box. [f mnodui-2s mat:?
improperly, extr2me heat can b2 genaratad or Dins can 2
broken.

4. Electromagn=2tic impuls=2 (ZMI)/lightain3y--1% ~an
disrupt/destroy =lactrical signals and =2quivn2nt.

5. Maint2nance nandling--it zan cause bDr24axKs in
2lectrical connactions.

It is these factors which PAVE PACE W~w1ll att2apt oo
overcome or 2liminat2 with tnhe applicition of advanc-i
technologies. For =2xample, 21l2ctrical Zomaunication taraujn
a2tal could o2 r2placed Wit ootizal fommuniTitclodn SArodia
material other than netal to overzowme tn2 28facts of EMI
lightning. Wire-to-wir= connectisns b2tw22n cirZult chips
could be eliminated with photolithograonny t2chnigues oo
overcome vibration problemns. <Circuit chips could b= -lazd
down instead of bonding chips with metal wir: to the oriatai

wiring board. This could overzome nor= vibration prablans,
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N A fault~toleraance scham2 will de invastigatad to
nonitor the aealth of all circuit chips. Certain chions
b . . . .
e would be desijynated to detact the failure of the r2maining
o
chins and to switch chins on and off as needed. This is an
L]
id=2a that is being concentualized to allow for defarr2d main-
.
N tanance withont loss of operational =2ffectiveness.
N Self-Repairing Flight Controls. The F-15 anld
F-16 flight control systa2ms (F2S) ar2 charact2rized oy: (L
o . 5
’ many failures, an avarage of one evary 35 hours, (2) coamplax
4
g actuators that mnak2 19 50 p2rcant of tne lif2 cycle cost of
B, <
) the FCS, and (3) difficult naintenance, an avarage of 3.3
- nours to diagnose problems. Reportad failures on tha P-15
‘. . : .
‘. and F-16 FCS result in maintenance personn2l not b2ing able
:.,
- to Jduplicate failures on 31 p=arcant of the maintenance
- actions., Another 34 p=rcent of th2 maintenance actions ara2
N ramovals of servic=able it2ms; components which check out
nkay in the shop. Th=2 true FCS failures, at ba2st, r2sul% in
N mission aborts, One-half of the F-15 and F-16 mission
-: aborts ar2 Jue to the PCS. Th2 next j2neration of air-raft
Y
such a3 tn2 Advanced Tactical Fignt2r (ATF) could nava 1
. 32lf-repairing flight control syst2m (SRFCS) to ovarzome th=2
o problems asso~ciated with current FCS.
A self-repairingy flight control systam r=2f2rs to a
N flight control systa2m *hat can tolerate failures., Loss of
. the airzraft can b2 avoidad ny activating other control
" . . . . .
surfaces to perform in unconventional confijurations tharzoy
‘;
Ca
o
Cd
i
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zompensating for the fail2d compona2nt of tha flight control
systam,

Th2 AFWAL Flight Dynamics Laboratory is responsibla for
the development of the SRFCS. The SRFCS will include all
control surfaces, on an as needed basis, to complet:2 tn=
pitch, roll, and yaw motions of th2 aircraft. An on-boari
comput2r will b2 used to provida a r=al-time reconfijuration
of control surfaces as failures occu: or battle damage 1is
sustained by any part of the FCS.

Control surfaces can oft2n function in mors than one
capacity. Real-time computerized reconfiguration will take
advantage of this capability and provide2 aerodynamic redun-
dancy for the aircraft. This redundancy of control surfaces
eliminates the need for redundancy of servo-elactronics in
the actuators driving th=2 control surfaces. Eliminatinjy tha2
redundant servo-electronics not oanly reduces part count but,
also, reduces the complexity of the actuators.

Aerodynamic redundancy may b2 explained by example, An
aircraft sustains damage to its rudder. With the SRFCS, the
comput2r senses th2 degraded capability of the rudder. Whan
the pilot indicates a turn to the right is to pbe mad2, th=
computer decouples th=2 roll function of the trailing edge
wing surfaces. The computer then signals the ailerons on

the right wingc that on2 aileron is to deflect up and the

other down. (The other ailerons ar2 laft in a standari
42
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" sattiag.,) In this way, the ail=2roans ar2 used to creat: tha
%
yaw nz2cessary for the turn tne rudder i3 unable to genarat=. |
¢ |
. The SRFCS program will pe completad in 1994. Over the |
j next seven years wany issues will be addr=ssed such as Jeval- ‘
<
oping and demonstrating aerodynamic control laws, the strat-
y agy for fault detection and isolation of multiole failures,
and degrees of failure under various flight conditions.
The SRFCS can b= operiatad witl the existing 2la2ctrical’ |
2 hydraulic system not used or ian tn2 futur=2 wita an =2l2ctri-
N
N cal systam. The SRFCS will be appli=d to figat=ar aircraft
.
‘ and later transitioned to largjer aircraft, It will pe
2 designed to be wmaintainad with only two levels of mainca-
y nance: flightli.> and depot.
“~
The Flignt Dynaaics Laboratory has shown tnrough
‘: analysis that FCS improvements on the next jeneration
128
'j fighter could be: incre2ased MTBF to 350 hours; r2duc=4
operation and support (0&S) costs by 30 percent; raducei
\ N .
- maintenance manhours per flying hour (MMH/FH) by B0 perc=nt;
- and reduced maintenance actioans per failure from 3 to 1.2.
-
These improvemants would de r2aliza2d ~4i=h ta2 apoliization oF
(4
Ld
< the SRFC3 usingy ilnnovativa technologies such as 2xpers
<
4
LY systams for maintenance diagnostics and r2confijuration
] (43).
l -
¢j Fault-Tolerant Pover Systems. In aircraft of
; the y=zar 2000 and beyond, anythinj or=2viously don= opn2unat-i-
cally or hnydraulically w~ill be done 2lectrically to reiace
.
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421i3at anld lif2 cycle cost, Thesa futur= =2l2ctrical

ystaas
#1ll providz power to such tnings as fael pumps, air condi-
tioning syst=2ms, and computers. They will replace th=2
hydraulic systa2ms now use for actuation. Becausa2 thz2 mnajor-
ity of operations performed ont he aircraft will depend on
the electrical systams, these syst2ms must o2 fully
reliable.

To meat this challange, the Fault-Tol-2ranc Zlactrical
Power Systamn (FTEPS) progran was ianitiatad oy ©i2 AFWAL A2r»
Propulsion Laboratory in 1985. Th2 oonjectiva2 of th2 prograa
is to devalop an elactrical power jJeneral and distrioution
systam whica will supply =2lectrical power to critical
systams on th2 aircraft. 1t will nave re2liability and power
Juality level commensurat2 with the reguiraments of flijnht
critical, mission critical, and non-flight critical loads.
Loads refer to those subsystems beinj suopliad wiktn power,

Operation of tne FTEPS will raquir= miaimal pnilot
action. Limit24d hardwirz2d controls w#ill be providad for
2mergency override and for amaintenance functions. No pilot
lnteraction will oe regquirad duriig normal systam Doeriziod.

Primary systam control will come froa the npower systan
processor (PSP). Th= PSP will maintain completz systa
status information and provida> th2s2 data for display to tne
pilot through the ~vionics. Th2 avionics will transmnit the
flight phas2 status, as well as a mnatrix of Bool=2an 2xpr2s-

sions, reprasceating th2 desirad on/off state of each load to

44
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tn2 PSP, The PSP will use tais information to implement the

load control and load management functions. The load manaje-

ment functionn will 2nsure that mnaximum us2 i3 made of the
existing systam generating capacity by matching load comple-
ment to the capacity and flight phass. The PSP will calcu-
late priority level according to th2 generating canacity ani
the flight phase. The priority level and power r2quaests
will be iwmplemented (57)

Faults in the electrical systa2in occur for a numbar of
r2asons. Adequat2 protaction and controls to prevanbt prona-
Jation of these faults within the systam will be incor-
poratad. Fault isolation and prota2ction will be reguir21 to
keep the other normally overating elactrical power channals

from beiny aff=ct=2d anad to provida2 system status to tha PSP,

b

The fault isolation capability will be available whenava
the power systam is operating. Information from fault
isolation is available to maintenance personn=2l thus
simplifyingy th= task of syst2m diagnostics and reducing th=
need for support =2quipment,

Curr=nt power 3systaams us2 a larje nambar of capbles and
connactors. Th2 apolication of tha FTEPS elimninates many of
thase (for exanpla, 15.5 miles of wir2 on tha A-7D) by
replacing them with a multiplex data bus.

The advantage of redundancy is gaina2d from switcnini or
teconfiguring the power systam brtween subsystams as J2aands

for power chang=. This r=2dundancy results in a decreasal

45

ERIR T et e T e e e e .
LT R B AP AP . . ._.
. LA st - -

‘J'-KJ.L._A-ALAJ._(AJAJL&L A}‘ ".n_



-
a

7
-

k3

Jrovdability of power failure. It is 2xpectad that the

»

PO A e rj

S

oropbability of power failure will b2 100 times l2ss than th=
- orobability of load failure.
:3 The majority of the technology used in the FTEPS
. program is currently in place. What remains to be devalooed
L outside of this program is solid-state power controllars
- which supply above 10 amps. What rz2mains to e done on th2

FTEPS progranm is systam integration and writing th=2 computer

Ly
o,
*

'
‘s
LN

software for controlling th2 power syst=2m (56).

Ultra Reliable Radar. To successfully meat the

*

" I.Il‘

warfighting requir=ments in the year 2000 and beyoad, the

Air Force nhas projectad a need to operate its fighter

aircraft from wid=ly-dispersed, austere bases wher2 little
P or no maintenance support will be available. This means
that internal systams must b= able to store failures and
defer maintenance as long as possidble. The radar systam nas

been a high failure item in curreant aircraft systa2ms sucn as

the F-15 whose2 radar had a MTBF as low as 4) operational

hours in the 1980's. Th2 radar subsystem requires consids

at

SRR
- 0 s

"

able improvaments in reliability ani maintainaoility 1f its
host aircraft is to operate from remota/auster=2 basas. Th2
AFWAL Avionics Laboratory is fundin3y a program to do just
that. The Ultra Reliable Radar (URR) program is to devalop
the next Jeneration radar technology which will be applic-

able to the ATF and F-15/F-16/B-1B updat: orograms.
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Increasing availability and loweriag suoport Costs ar2 twd
main o2bjectives of tha JRR prograin.

Major subsystams of ths URR ar2 the common signal
processor (CSP), solid-stats phasad array antanna (SSPA),
and receivar/stalo (stable local oscillator). The CSP is
used by the URR as a ganeral purpose signal processor. The
processor 135 designed in accordance with MIL STD 1750A td he
used in 2lectronic warfare, communication/navigzation, radar,
or electro-optic apolications. The URR develonment w~ill
capitalize upon th2 solid stat= phased array t2chnology and
very high speed integrated circcuit (VHSIC) tecinnology.

Thesa and other 2mer3ying technologi=2s will b2 intagratad
into a fault-tolerant architacture wnich is capablz of o=2iag
supportad by two levals of maintenance (fligntline and
depot). This 1is =xpected to yield a radar whose r=2liability
of 400 nours MTBF is 10 times that of today's F~15 radar.

Reliapbility improvamants ~ill p2 acnieved by inciudiag
rzdundant line replaceable modules (LRM) in the CSP andi
receivar/stalo. Th2 redundant LRMs r=2vlace failad LaMs
iuring automatic r2confijuration. Reconfijuration is tae
same type of strategy used ia the fault-tolerant power
systam and self-repairing flight contral systam. Reconfijur-
ation is controlled by integrated BIT/FIT (ouilt-in test/
fault-tolerant t2s) anil r2configuration softwar: in an

on-poard computer.

17
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Maintainability improvem2nts include deferred

maintenance for enhanced supportapbility at auster=2 sites,

This is achieved through automatic reconfiguration and

fault-management softwar=. Also, graceful degradation is

designed into the SSPA to reduce maintenance requirzments.

UJp to five percent of th2 SSPA modules can fail and yet

still allow the SSPA to meet military specifications.

BIT/FIT will decrease the tim=2 it takes for maintenance

oy

personnel to perform syst2m diagnostics and r=duce th2 nead

for support =quioment. This program is =avaluatiany th=2

application of time str2ss management Jlevices for th=

P W

resolution of "retest ok" and "cannot duplicata" at th=2

depot maintenance level (37).

Software. Tvpically, supoportability of airzraft

systams has been concerned with hardwar=2. This is chanjyiag

PO WU B L ey O

as softwar2 consumes mor2 and more of the DOD budg=2t (cur

rantly 10% and growinj exponentially). The ultra ra2iiaol

W

radar, self-repairingy flight control system, and faul<-

tolerant power systam ar: 2xamples of incr=as2d as» of

sofkwar2. Entire fl22fts35 of airzrafr grouanda2dl SHr a2 507

arror require a closer look b2 taken at softaar: sionorsa

bility,

It has to be »xp22t2d that softwar2 Wwill o= roHla-

added to, and/or changed ovar the lifatime of thio anse

airzraft. 1In the 1970's, as th2 air:raf> mission, *air

or hardware chanjed, softwar2 wisz nodifi=21 oy thivyes naid

v ~ - .
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to an 2antir2 softwar= prograa. EBvan to corra2st for an

error, many changes were regquired throughout the 30ftwar:
program. This was costly and in=fficient. The origjginal
software and any modifications were alson poorly document=di
making changes aven more difficult.

The Air PForce r=alized from its experiences in the
1970's that software must ©2 designed to be supoortanle,
Tradeoffs between parformance factors sucnh as speed of
orocessing and supportability factors such as modular codiagjg
were a necessity. With modular code, an error could bde
corracted by a change to a softwar2 modula rather than to
the entir= software progran.

Th= Defens2 Department has an initiative to design a
computer superlanguage call=d Ada. It may b2 the solution
to the software supportability poroblem experienced by th=2
Alr Force and otner services. It is expecta2d to sava the

a2ntagon billions in software maintesnance and software
iaventories. 1t would replace as many as 400 distinct
languages throughout a whole range of applications--
averything from autowmatic data processingy (ADP) to intzarnal
guidance to other embedded weapon systa2ms to artificial
intelligence., It would be machine-independant, portabls,
and =2asy to maintain (33).

Ada is a high order language (HOL) that i user
friendly. It is renlacing machnine code and assembly

languages which ar2 wnuch hardar to document then Ada.
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'Two new DOD 3ir-2ctivas war2 issued ia March, 1987, that
nake Ada amandatory for all new or upgraded weapons and ADP
software. The DOD's Ada Joint Program Office readily admits
that ~hil= the diractives arz in place, ther= are still
stumbliag blocks. Many system program managjers have found
ways to stall Ada's advance either by getting waivars frona
the dir=activas or by draftiang their reguest for proposals
(RFPs) in such a way that Ada i1s not suitable,.

Virjinia Castor, Dirsctor of tha Ada Joint Programn
Office, says much of the blame for Ada stonewalling nhas t»o
lie with industry. "It's not so much that the program
manager has slowed Ada down. He's peing influsnced by
contractors lookingy to protect their research and
davelopoment (R&D) funds." DOD owns ths cooyrignt on Ada ani
therefore precludes many contractors from claiming R&D
reimbursements for their software tools, Ms., Castor says.

As a r=sult, "it's th2 contractors who convince the prograan
managers tnat Ada won't work for their applications," she
adds. "And once the progran manaj2r 13 sold off ada, th=
coantractor can sell nim on softwar2 pacxkages owna2d by tiaa
contractor"™ (33).

If Ada is to be used, support softwarz is ra2guir=1 to
mesh the softwar2 code in the HOL with comput=r hardwaraz.
The advantage gainad from support softvar2 15 that softwar-=
code can b2 written independent of its hardwar2 apolization,

This means that any contractor can now writ: softwar: for
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tne Air Force. Wharz2as, in ths nast, softwar2 could bde
written only by th2 conktractor who suppli=2d th2 hardwar=2
(35).

Advanced Structures. In 1981, the Air Force

Logistics Command started sending operational supportaoility
oproblems to AFCOLR in the form of logistics aneeds. The
logistics needs which deal with aircraft structures ara2
forwarded by AFCLOR to the AFWNAL Fligjyant Dynaanics Laboratory
for a solution. Structural iamprovemant 3f operational
aircraft is an on-going program initiat=d in 1981 oy tha
Flight Dynawmics Laboratory to develop structural componants
#ith ootimized supportability characteristics. Thase a2w
structures ar=2 targeta2d as r=2nlacements for structures
causing th2 operational supportability probleams.

iJnder the structural improvemant of operational
aircraft program, a new centaer section leading edge flao for
the A-7 was developed. Th=2 original flap nad an avaraje
service lif= of 1361 hours. An invastigation of the miszsion
environment of th=2 A-7 r=veal:d vibration was th2 cause of

11D aas an 2207211

rn

2arly flao failures. Th2 r2i235i3n24
service lifz2 of mor2 than 130,000 aocurs. The increasad 1if2
i3 achievad with th2 application of integral dampingy tachnol-
ogy and a radesign of the int2rnal flap structure,

Integral dampin3y technology 13 a orocess ~harahby an
adh2siv2 and metal are bonded together to damp=2n vibration,

Metals hav2 no dampingy orooverties and kransfar any vioration

w!
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tnroughout tne entir2 structur=. WwWhan an2tals arz dond2d Lo
an adh=siv2 with viscoelastic damping properties, th=
vibration is absorb=2d by the viscoelastic matarial. This
ainimizes the amount of vibration transfarrad to ki
remaining structure.

Another structural improvameant =2f£ort 1s on th2 9-111
outboard spoilar. The original 32si3n of tn2 spoilar har:2
o2en made in the 1360's befor2 sound ~vavas war: consijer:d
as a sourc=2 of acoustic vioraciodn., A 2123031 37 T3 oarcs
incorporating integral damping and suap=rplastic foruniayg
ta2chnologi=es iacr2asad servic2 lif2 fron 1,409 co 93,09

nours and r=2duc=2d pi=2c2 narsts by 33

<

P22rz2anc.

&

Superplastic forming i3 3 manufacturiag <2200l ju2 o

Eorm parts into detailad final shap=2s. The Zorniang i3 ion-

ander nigh prassur=2s and t2ap2ratura2s, Findiagy £12 core

W

[
N

combination of tewmperature aanad pr2ssur= Jand=2r 4alc1 wo 1o
tais forming i3 a difficulz task. To daz2 1z 143 2221
successfully accomplished with aluminum and titaniim,.

Parts are tynically manufactur=d iato Tomwi2¥X 3514032

i
.-
s
.

joiningy a s2ri2s of smallar aad sinpler aecal Hi223 Wiz

riv2ts anl fast2aners. Th=2 obuilt-up structuar

W
s

W
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to corrosion and fatigue damage.
Superplastically formed structur=2s off2r many suppor-a-
bility advantages. Th2se stractures ca2duce parts count oy

2liminating the need for fast2ners and rivats to nanufactur-e

complex shapes. Reduc2d parts count, in turn, d2cr2asoes

Wl
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maint=2nance task time. Anotnar n2aefit of supernlasticaily
formed structur2s 1s th2ir corrosion resistance. Thasa
integral structures ar2 wat2r impregnable. Also, the
absence of rivat and fast2ner hole eliminates the potaeantial
fracture sita2s wher2 fatique crackxs originate,

The Flight Dynamics Laboratory is also sponsoring th=
supportable nybrid structures orogram. Tnder this program,
supportability improvements ar=2 coequal to performanc2 ani
cost. The program will establish a data base for aircraft
material selection based on least cost, most supportablsz,
and best performance to be achieved for a givan application.
The program will evaluate the supportability aspects of:
advanced materials; compositas and metals; joining methods;
aircraft battle damage; manufacturini technigues; super-
plastic forming; and repair procedures for peace and
wartime, This program is targeted for completion in 1991.
The results will be given to the ATF SPO (6; 41; 42).

Transparencies. In th= early 1970's, the Air

Force was losing, on the avarage, one F-11ll every =2lev2n
months. Th=2 cause was [due to oirds striking th2 canopi2s.
Transparencies wer2 than developed to keep birds from
damajging canopies but these had poor optical qualities.
Pilots could not see through the canopy well-enough.
Anotner development 2ffort was funded to iLmprove optical

Juality. The difficulty with these ind:poalznt 2f€orts to
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addr=ss individual Dproolaus was that an optimum cinody
d2si3n was navar r2alized.

Canopiess are compos2d of a frame and transparancy. The
transpar=ancies are formed as a compositc2. Each later of tne
composit2 serves a particular purpose. For example, one
layer may be for protaction against laser hardening with
another layer to improve optical quality.

The #-111, FP-16, T-38, F-4, A-7, and B-1 havae all
raquired retrofit canopies. This is because of a mismatch
oetwaen th2 transpar2ncy qualities which wer2 needed to fly
the mission. Each aircraft requir=s a transparency with a
certain set of qualities which include any or all of th=
following: hail, lightning, and birdstrike protaction:
laser, chemical, and microwave hardening; radar cross
section reduction; optical gquality; and cost of ownershipn.

Th= AFWAL Flight Dynamics Laboratory recognized that
transparency tecnhnologies cannot be devaloped to solva
individual oroblems independent of the overall requir=ments
Oof the aircraft mission. The problems had to be solved witn
all factors considered. The mission integrated transparzancy
systam (MITS) prograin was sponsor=1 by th=2 AFNAL Flight
Dynamics LAboratory to deva2lop an optimum transparancy. The
program is to blend specific technologies together to mea2t
the reguirenents of a givaen mission. Th2 technologies will

come from lessons-learn-2d on past transpar2ncy retrofit
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2Eforts, An optimum traaspar2ncy Wwill consider the n2eds of
ootn the aircr2ws and th=2 maintainers.

The objectives of the MITS program are to improve
optical gualities of, incr=ase lif= of, and r=2duce the cost
of traansparencies. Also, =asi2r maintenance proceduras will
be devzloped. This will r=2sults in a transpar=2ncy which
r2prasents a good balance betw2en supportability and p2rfsr-
mance features.

Also, under this progran, th2 metal frame for th2 &trans-
varancy will be replaced by sone type of hybrid composit2
(for example, kelvar/glass e2poxy). The composit2 frame has
potantially many advantages ov=ar th2 metal frame. The
composit2 frame Wwill be le2ss axpensiva aand lighter weight.
In the past, the metal framnes w2r2 only suppli=d by airframne
contractors. This made spar: parts hard to jet., A vari=aty
of sources for the composit2 frame 2xist to manufactur= tnha
frame anil to orovid=2 spar2 parts.

The MITS programn 1s projectad to pe completad by 1995,
At tnat time, the canooy d2signs for an air-to-air fighter
ind air-to-Jround Ziyan2r Will ne comnlet2, The oroceduras
#ill 2xist to design canonies for other aircraft aand
missions (22; 47).

Landing G=ar. ULandinj 32ar aust be ovarhaulad

fraquently due tH corrosion of structural components. The

ovarhaul facility for landinjy at 03den Air Logistics Centar

Z21tk2s oorroston as th= number ona r22ason for condemnatisn of
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landinyj J2ar cowponents. The dravantiv2 maiantenance

schedule for C-141 landing gear is drivan oy corrosion
rajuiring ovarhaul avery two y=ars. These condemnations ani
r2guir=ments for fraguent dreventivs maint2nance ar= Jdrivars

to replace corrosiva metals with noncorrosivz advanced

A - raerasad LY

mat=arials.

at s
[l

& Th2 AFWNAL Flight Dynamits Laboratory is manajing a

. orogram, Low Lif2 Cycle2 Zost Landing G2ar, to investija-:2
J the evantual r2placement >f 300M hign strength ste=21 and

v

? aluminum with titanium matrix composit2 (TMC) landing gear

components. A very high str2anjyth mnaterial i3z needed for
landing g=ar. Titanium has D22n pbuilt-up as 3 matal matrig
composit2 to achieve that strength. Th2 objectivae of tn=2
Low Life Cycla Cost Landin3 Gear progran is to verify: it
ls possible to fabricat2 landing gear components from TMC;
I'MC is strong enough; it can b2 matad to othar componants of
tne landing gear. It is anticinat2d TMC will have a hijher
acquisition cost but muth lower ooeration supoort (0&S)
costs so ovarall Life Cycl2 Cost will be lowar with TMC taan
dith convaentisnal landingy gear natarials,

One major benefit of TMC for landinj gear structural
compon=2nts is the potantial it offers to reduce the numbar
of both schedul2d ani unscheduled maintenance actions. This
could p tentially increase reliability by 30 percent. The 1

'

number of scheduled maintenance actions are Jacr2asa2d by

reducing oeriodic inspection for structural integrity and




e

for corroslion. The numb2r of unsch2dul2d maint=2nance

actions ar= Jecr=ased by reducing failures due to fatigue,
ovarstrass, and str2ss corrosion.

when a TMC component is removed for repair or inspec-
tion, a number of curr2nt maintesnance procedur=s can e
omitt2d because of titanium's noncorrosiva properties. 1In
complex areas, considerable desassembly is regquir:d to
inspact for corrosion. This is especially serious in lubri-
cation passages, tareaded connections, lug faces, and prass
fit joints., During overhaul, all paint and surface finishes
must 2 removed to inspect for corrosion, and corrosion
inspections, become unnecessary. Finally, corrosion
ramoval, done by air-power2d equivment, hand polishinj, or
machining, is also eliminat2d.

Maintainability of T™C landin3j gear improves because of
fewer and simpler maintenance procedurss. Although no Juan-
tifiable data can be devaloped at this time for maint=2nance
r2duction, it should be at least comparable to the reliabil-
ity improvement.

Anotnear aspect of this program is an investijation of
nhow to reduce periodic maintenance. It consists of deval-
oping an advanced landing gear systam and its componants.
The following parameters may b2 measured by this systam and
display=d to both aircrew and ground personnel: tir=,
strut, antiskid brakes, and arresting hookx damp-=r pressuraes;

strut oil lavel; brake wear; brake temparature; and weight
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':: and bhalance information., This systam will o2 available in

LY

" » «

the mid-19990's for aircraft application (35).

N

~ Another technology the AFWAL Flight Dynamics Laboratory
7

N

:j is investigating for the High Reliability Fighter is radial
o

: tier designs. Radial tires provid= longer lifes, requir=

tz less maintenance, and offer reduced weight over curr=ant bias
E; tires. Designs exist for select aircraft but this is not
<.

y2t a wmature technology (35).

i Cockpit Displays. There are thousands of dits

7. . . L .

‘ of information needed by the military pilot to fly today's
N
ry sopnisticated aircraft. Mechanical an=zedle indicators

? requir= an excessiv2 amount of space in the cockpit to

w3 display all requir=d information. These mechanical indica-
A\

o
- tors also Jdo not display the information in a format that 1is
f easily read by a pilot constantly bombarded with informa-

N
[ tion. What is needed is g3raphic display of information for
it the pilot tc read more guickly.

o Cathode ray tubes (CRTs) replaced mechanical n=2edle

“~

-
AN indicators to provida gravhic displays. But CRTs still

P Y

l‘ . . .
i requir=2d too much space in the aircraft and thay w=r2 aot
.

S reliable, The life of CRTs in operational airzraft ranged
" from 200 hours to 2000 hours and th2y fail=d catastropnic-
R ¢

- ally (they either worked or th2y did not work). 1In an

‘

= attempt to ovarcome the shortcomings of mechanical needl=
N indicators and CRTs, th= AFWAL Flight Dynamics Laboratory
')
¥,

. has bzen invastigating alt=rnative technologies
’\

’,

I

’l
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Tn2 alt2cnativz technologies ar2 light =2mitting diodes
(LEDs), liguid crystals, electroluminescence, and flat pan=l
CRTs. These technologies can be packaged into "flat"
displays requiring only one-fiftn the aresa occupied by
conventional displays. The altarnativa tachnologies can
function in the capacity of multifunction displays. This
further reduces the number of separate disnlay units in the
cockoit and makes more 2fficient use of the display uni-s
used (34),

An LED is in principle a simple semiconductor devica.
LED display devicas ar= used in commercial apolications such
as hand-ha21d calculators and watches, LED displays are
suitable for aircraft and otner wnilitary applications in
part because of their high reliability. The MTBF of an LED
flat panel display is astinated at 10,000 hours. The LED
display generally fails gradually, as oooosed to the
catastrophic failure which can occur witn tub2 disnlays.
LEDs can 22 constructed of arbitrary siz2 and shap=. Th=
major disadvantage of flat panel displays is their higher
Jower Jfonsumptlon (50:289-331).

A lijuid crystal display (LCD) 13 a non=2missiva display
normally viewed in r2flection. This means that ther:2 musty
be a reflecting medium behind th2 display. 1Its function 13
to return light to the viewer so0o that h=2 can percaiva
changes. Nonamnissiv2 displays hav: two pasic advantages

ovar LEDs: (1) they regquirs nuch l2ss power td overate, and




(2) tney 40 not w~asnh out in high ambieat light. The term

washout refers to the loss of contrast in a light-2mitting
display. Disadvantages associated with LCDs in wmilitary
applications ar2: poor brightness; limited sharpness;
limited color capacity; and low reliability (51:415-457).
Flat CRTs ara devices which use an electron beam
hitting a phosphur as the method of light jeneration. Thus,
all such devices must have a amethod for generating th=
electron beams. This portion of th=2 device is call=d a
cathode. The technology for flat CRTs is limitad by ths=
capability to miniaturize the cathode. Theres are many advan-
tageous characteristics of flat CRTs whicha makes its deval-
opment wortawhil2. Their speed of response and r=2solution
ar= capable of satisfying th=2 reguirament of a pilot for tn2
presantation of high-guality, dynamic imagery. They nava
few parts and reguir=2 as little as seven connections. The
CRTs are versatile--onea desijn can oe usad for a wids number

of applications with little or no design change. They ara

r2liable, have loag lifé, ar=s relatively inexpensivz2, and
fabrication of the tube i3 amenabl2 to mass production
(51:138-236).

Electroluminascence (EL) is the emission of light from
a polycrystalline phosohur solely due to the application of
an electric field. It is of simpl=2 construction r2sulting

in lower production costs than comp=ting technolojies. EL

<
;
]
¢
4
A
r
:n

is characterized by low power requiraments, graceful
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degradation, and long lif=2. The disadvantage of EL is noor
r2adability in sunlight (51:237-287).

Each of these tachnologies is being researched for
applications in retrofitted and next jJjeneration aircraft
systaems. These application include: Cocknit and
helmet-mountaed displays; switches; and lightiag inside tna2
aircraft.

Engines. The AFWAL Aero Propulsion Laboratory
has an Advanced Technolo3jy Engin=2 Gas Generator (ATEGG
progran which tests new t2cnnologies to demonstrate tnhey
#1ll operate as expecta2d in the hostile enginz2 environment.
The ATEGG's havea specific performanca goals to meet Wwith
supportability being a desir2d outcome. There is no "ultra
reliable" eangina effort under ATEGG but some of the new
t2chnologies in ATEGG could result in a mors supportable
engine.

Three technolojies developed by 2njin2 contractors or
other countries ar2 beinj transitioned into ATEGG. Th=ase
tacnnologies ar2 under3join3 testing b2cause th2y offer signi-
ficant performance improvama2nts but they also off2r some
significant supportability improvemants.

l. Dry Tube Bearings. The bearings ar2 mada2 of

nonmetals such as ceramic or glasses. Th2se b2aring elini-
nate liquid lubrication reguir2ment- and offer the potantial
of operating temperatures to 1500°F compar2d to the 350°F

limit curr=ntly impos2d by lijuid lubricants. Elimination

61
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2f lijuid luorication means one l23s s2rvicing regulr2aent
imposed on maintenance personnel. The technology availabil-
ity date for dry lube bearings is the year 2000. They will
. begin testing in ATEGG by the early to mid-1990's.

=

2. Ceramic materials. Applicationn of these

nmaterials in engines will allow operation at higher

temperatures without the need for cooling. Turbian= bladss
and vanes ar2 prime candidates for the application of
ceramics. Curreatly, such blades and vanes arz cooled oy
air passed through a multitude of cooling holes machinad
into the blade or vane. This results in an expensivz and
life limited (thne cooling holes represent fracture sitzs)
componant, With the use of ceramics, these blades and vanes
no longer require cooling, and become less expensiva to
fabricate, and increase the lif2 of the component. Cerani:z
components will be available for taest in ATEGG by the2 latz
1990's.

3. Brushed seals. This t.achnology is replacement

for knif2 edge and face s=als. Brushed s2als ar2 "supec"
stiff enablingy tham to withstaand ov=rloads whil2 maintaiaing
tight clearances. Seals are a fraquent r2move and raplace
itam in engines. Brushed seals offer th2 potential for
raducing, r2move and replace maintenance actions bacause of
- their longer useable lif=2, This technology will be testad

5 in ATEGG In 1988. It is projected to be in production early

in the 2lst century (26; 27).
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IV. Conclusions and Recommendations
. A2ronauticial 3ystams Division 13 procuriag mor=
airzcraft systams in 1987 than 2var befor2: the National

\ derospac2 Plan2, th=2 Tactical Fight2r, the F-15E, th2 ®-15:

E and D, tie Aic Defens2 FTignter, the C-17, tn=2 Ajvancad Taz:i-

: cal 3omb=2r, and th= T-46 or son: variant of 1=, Fmophasis on

3UDD0CZADLLLILTY L3 D0 04Ar1a0unt [nnDorT e T 2q3ira Ty
fFutur=2 we2apon s3ysta2ns orovidz £12 Alr Foroe 4151 naxinan

capability.,

T
W

Acqulsition strab23i235 330ch 13 W IUisition 3%r2amiiaiag

and sinulation modeliag can 52 asa2l Dy 3P) managy2a21s =)

\
+—

ar

4
~

D 2nsur: supportablility 15 zonsii2rad 2qually <5 os

scnedul2, and n2rformanc2. ODthe2r cgquisition stratagi

%
Ji
~

ZALS, and LAMP/LAANS will b2 aviailable in th2a n2ar €atuara: )
imarova th2 supporsibility [desiga orocass.

gacn of th= Alr Foroe Wriljnc A2ronautical Laooricorciz2s
1as Ionbtracta2d orograas o o adidrass sone 1320t Of supovorsa-
Silizy as A rasals HF Alr ®or:e hanjy2s in noobilisvy and
sarvivaoiiizy r2gai- 202003 andl M 2990 itai-iacivas,  The
orograns addr2ss t2chnolsyi23 which could resals in:

laprovam2nt3 in the ar2as3 of 3ystan diagnostics, naintaia-

POFT " NE RN W WY W WA G e,

ability, and r2liability; r2duc2d ne22d for manpower and
) support 2quivpment; i2cr2as21 radar tine; and 2limination of

the intermediatae level of maiatenance. As ths2 tachnol-

s

2g3i23 davalop, they wi'l 1> mor: isa just inaprov:




3upvortapility. They will stimulat2 id2a3 £2r na2w tachaol
5>3i2s and n2w aircraft. VHSIC tecnnology was originally
developed to improve the p=2rformance of data and sijnal

processors. During VHSIC development, supportaoility of

&

weapon systams became important., VHSIC technology was then

viewed from both a performanc2 and supportability versnec-
tive. As a r2sult, r2liability improvama2nts w~werz rz2alizad
in such prograns as the ultra reliable radar whica us2s3 i

VHSIC techanology. Th=2 smallar ICs used on tials raldar

r=2sults in =2xtra space to include addizional ICs for ra2dun-

dancy. The SRFCS penefits from th=2 new supoortability
perspectiv2 of VHSIC oy usinjg it to d=v2loo an advancei
systam diajgnostics capability. SPOs snould views all
advanced technoloji2s from both a supportapility and a
oerformance perspectiv2 to maxiniz2 the payoff to be
rzalized fron th2 technologies.,

Devalopiny advanced tesnnologies to 1lmprova sunnorsio
ity may significantly changje the desijgn of futur= aircrafs

Applicz2tion of tn2 3RFCS may o2 on=2 of tnose ta2cinolojge

‘u
Ui

anicn will nr=cioitit2 a4 ralical cnang2 1a airsralzs d=sign
Tha self-repairing flijnt controls may ©2 nor2 220isiant
w#han usad in reconfiguration conditions i1f zhang2s ar: nal
to the function, location, and desijyn of a2rodynani> contr
sur faces.

Advancad technologies should be followsd by th> 323

the technoloji2s continue through advaac2dl davoeloonent

L
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X,

i

or>graans and await inclusion in the design of fatur=

v s 8% A 8

airzraft systa2ms. Supvortapble aircraft are possinsle whan

“
b
Ui
W

technologies arz2 Jdesigned to be supsortaplea and when tih-

ol

tachnologies ar2 transitioned =arly into the 42s5i3n pnas2 of

aircraft systams.
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Abstract .

The importance of high reliability systems in the
national Jdefense strategy of "force multiplier" 1is
paramount. Currently, the Air Force has adopted Reliabilicy
and Maintainability (R&M) 2009 as a management pollcy =0
achieve high reliabilities. However, there are few methods
being implemented which can improve the measures of
reliability. One method used with success by satz21lit=2
systems is the use of expensive, but highly reliable class
electronic parts as opposed to the class B8 parts used 1
avionics and ground electronic systems. A methodology for
determining the improvement of systems’? Mean Time 3etw=2en
Failure (MTBF) was developed. Additionally, the impact »¢&
improved system MTBF along with higher acguisition costs 2
a result of using class S parts was analyzed 1n a lifs cyc i
cost model. The results obtained 1n this research indicat
that class S parts have the potential to significantly
increase MTBF while actually lowering life cycle costs. 1
Recommendations for follow-on research are given.
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